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Supplementary Information Text
Materials and Methods
Drosophila stocks and maintenance
In order to avoid accumulation of mtDNA mutations, all fly lines were constantly backcrossed into a Wolbachia-free white Dahomey (wDahT) wild-type outbred genetic background for at least 6 generations prior to experiments, unless stated otherwise. All fly stocks were kept under a 12:12 hour light:dark cycle at 25°C with 65% humidity and fed on a standard sugar/yeast/agar (1x SYA) diet (15 g/L agar, 50 g/L sugar, 100 g/L yeast, 30 ml/L nipagin, 3 ml/L propionic acid) (1), unless stated otherwise. Female flies were used in all experiments except for mtDNA sequencing (see Dataset 2) . Flies were reared at controlled larval densities on 1x SYA food and allowed to mate for 2 days after eclosion. After mating, females were allocated to fresh vials with 1x SYA food, if not stated otherwise, under light CO 2 anesthesia.
Lipid quantification
Lipid quantification was performed as described in (2) . To assess the ability of flies to mobilize lipids, total TAG content of adult flies was assessed before starvation and after that flies had been starved to death. All flies were stored at -80°C before lipid quantification. For lipid quantification, 4 flies were homogenized in 1 ml of 1x phosphate-buffered saline (PBS) 0.05% Tween-20 using lysing matrix (MP Biomedicals #116913500). TAG levels were quantified using the Infinity Triglyceride kit (ThermoFisher #TR22421) and a triglyceride standard (Cayman Chemicals #10010509). Lipid levels were normalized to total protein content, which was measured using the Pierce BCA protein assay kit (ThermoFisher #23225).
Locomotor assay
Locomotor activity of adult flies was measured using the Drosophila activity monitor (DAM2, TriKinetics). Female virgin flies were aged for 7-10 days before allocating individual flies to polycarbonate plastic tubes with 1x SYA food (>50 flies per genotype). Flies were allowed to acclimatize for 12 hours before start of recording. Flies were recorded for 4 days while kept continuously in the activity monitoring system. Locomotor activity recordings were collected in 5 min intervals and data were analyzed using RStudio (3.4.0). Fly locomotor activities were compared during the morning bout (8:00-12:00). Flies that died during the 4 days of measurement were censored.
Mechanical stimulation "Bang sensitivity" assay
To measure bang sensitivity, 50 females per genotype were used at density of 5 flies per vial. Flies were transferred to new vials with fresh food every 2-3 days and analyzed every 7-10 days by vortexing vials upside down at full speed for 10 s. The time required by individual flies to regain the ability to stand upright was recorded.
Feeding assay
Feeding assays were performed by proboscis extension assay, similar to a previously described protocol (3) . Briefly, female flies were allowed to mate in bottles for two days after eclosion and thereafter separated in 5 females per vial 
MtDNA mutation load analysis
Mutation load analysis was done as in (6) . Briefly, total DNA was extracted from the thorax of adult male flies using the DNeasy Blood and Tissue Kit (Qiagen).
Thorax was chosen as to avoid any possible sex differences in mtDNA mutation load caused by the germline cells. A short 1.2 kb segment of fly mtDNA was amplified by PCR, cloned and sequenced. Reads were aligned against the fruit fly reference sequence NC_001709.1 which was modified to include homoplasmic polymorphisms of our wild type strain (Dataset 2). The genotypes, number of animals and clones sequenced, base pairs covered and unique and total mutations detected are listed in Dataset 2. For detecting mutations at high heteroplasmy, total DNA extractions were done from whole fly using the DNeasy Blood and Tissue Kit (Qiagen, #69506) followed by long-range PCR amplification (TaKaRa LA Taq DNA polymerase #RR002M) of the whole mtDNA coding region in two overlapping fragments using primer pairs 36+/6864-and 6376+/14899-(Dataset 2). These PCR products were further used as templates for Sanger sequencing using the primers listed in Dataset 2. Sequences were aligned using SeqScape 2.7 (Applied Biosystems) with heteroplasmy detection threshold set to 33%. All detected point mutations were categorized according to low (<33%), middle (33-66%) and high (>66%) heteroplasmy levels. The number and type of organism sequenced, base pairs covered and type of mutations detected are listed in Dataset 2.
DNA isolation and qRT-PCR and Southern blot analyses
The relative mtDNA copy number was quantified as described in (6) . Briefly, to quantify mtDNA copy number, total DNA extractions were prepared adult flies using DNeasy Blood and Tissue Kit (Qiagen). Five biological replicates, each with 18 flies, were prepared for each genotype. Quantification of mtDNA levels was done using SYBR-Green qPCR analyses and primers targeting cytB and rpL32. All data were normalized against wild type controls.
Southern blot analysis was carried out as described in (6) . Briefly, total DNA was extracted from 20-30 adult flies. Samples were homogenized with a tissue grinder in 400 μl of buffer A (100 mM Tris-HCl, pH 7.5; 100 Mm EDTA; 100 mM NaCl and 0.5% SDS). After incubation at 65 °C for 30 min, 800 μl of Buffer B (4 ml of 5 M KOAc and 10 ml of 6 M LiCl) was added and samples were left on ice for 60 min. Following incubation, samples were centrifuged at 12 000g for 15 min and the supernatant was saved. 540 μl of isopropanol was added to the supernatant and samples were further centrifuged at 12 000g for 15 min. The pellet was washed with 70% ethanol, dried and resuspended in 100 μl nucleasefree water containing 20 μg ml−1 RNase A. After incubation at 37 °C for 1 h, samples were stored at +4 °C.
Approximately 0.5-1.2 μg of total DNA was cut using NsiI restriction endonuclease. Digested DNA was separated in 0.8% agarose gels, and blotted to Hybond-N+ membranes (Amersham Bioscience). COXI was used as probe and signals were quantified by autoradiography. 
Mitochondria isolation, Blue-Native polyacrylamide gel electrophoresis (BN-PAGE) and in gel histochemistry
After eclosion, flies were mated for 2 days and aged for 4, 10 or 15 days.
Mitochondrial isolation was performed as described in (7). Shortly, 2 ml of flies were homogenized in the mitochondrial-isolation buffer (MIB) + BSA (250 mM sucrose, 5 mM Tris, 2mM EGTA, 1% BSA fatty acid free (Sigma), pH 7.4).
Nuclear debris was removed by centrifugation at 1 000 g/10 min and the supernatant was filtered through a cell strainer (Falcon, #352350) to remove the leftovers of wings, legs and fly cuticles, and finally centrifuged on 3000g for 10 min. The resulting mitochondrial pellet was resuspended in 5 ml of MIB + BSA and centrifuged for 3 000g for 10 min. The mitochondrial pellet was again resuspended with MIB without BSA and mitochondria were frozen in liquid nitrogen and stored on -80C.
BN-PAGE assays and in-gel histochemistry were performed as described in (8, 9) . In short, 75 μg of mitochondria were lysed in 50 μl ice-cold 1% digitonin solubilization buffer (1% digitonin, Calbiochem, 20 mM Tris-HCl pH 7.4, 0.1 mM EDTA, 50 mM NaCl, 10% glycerol) and left for 15 min on ice. To remove unsolubilized material, lysed mitochondria were pelleted by centrifugation for 10 min at 16 100 g at 4°C and the supernatant was transferred into new tubes supplemented with 5 μl 10X loading dye (5% (w/v) Coomassie Brilliant Blue G-250, 100 mM Bis-Tris pH 7, 500 mM 6-aminocaproic acid). Samples were applied to Blue-Native-PAGE using 3%-13% gradient polyacrylamide gels.
For Complex I in gel activity assays, gels were incubated at room temperature for 5 min in 2 mM Tris-HCl pH 7.4, 0.1 mg/ml NADH (Roche) and 2.5 mg/ml iodonitrotetrazolium. The reaction was stopped by transferring gels to stop solution (10% acetic acid, 10% methanol).
For Complex IV in gel activity assays, gels were incubated for approximately 1 hour in 50 ml of 0.05 mM phosphate buffer pH 7.4, 25 mg 3,3'-diaminobenzidine tetrahydrochloride (DAB), 50 mg cytochrome c, 3.75 g sucrose and 1 mg catalase at room temperature.
Percoll gradients and LC-mass spectrometry
2 ml of flies were paralyzed on ice and homogenized in 15 ml of MIB + BSA. Cell debris and nuclei were removed by centrifugation twice at 800 g for 5 min.
Mitochondria were pelleted by centrifugation at 6 000 g for 15 min and washed with 7 ml of MIB+BSA and again pelleted. Two-step Percoll gradients with 2 ml of 40% Percoll in MIB and 8 ml of 20% Percoll in MIB were prepared. The mitochondrial pellets were resuspended in 1 ml of MIB and laid on top of the gradient, followed by centrifugation at 40 000 g for 30 min. The mitochondrial fraction was collected, pelleted and washed twice in MIB and stored at -80°C. For LC-mass spectrometry analysis, mitochondrial pellets were lysed and in-solution digested with trypsin according to the method described in (10) . Six replicates of every genotype were included. Peptides were cleaned with StageTips before loading onto the LC/MS. An Orbitrap Fusion mass spectrometer (Thermo Fisher Scientific), coupled with an EASY-nLC 1000 UHPLC (Thermo Fisher Scientific) was used. Peptides were separated with a 25 cm long reversed-phase C18 column with 75 μm inner diameter (PicoFrit, LC Packings). The gradient was from 5% to 25% of acetonitrile in 0.1% of formic acid over 120 min and further to 40% over 10 min. The column was subsequently washed and re-equilibrated.
The flow rate was 200 nl/min. MS spectra were acquired in a data-dependent manner with a top speed method. For MS, the mass range was set to 300−1 500 m/z and resolution to 60 K at 200 m/z. The AGC target of MS was set to 5e5, and the maximum injection time was 60 ms. Peptides were fragmented with HCD with collision energy of 27. The resolution was set to 30 K. The AGC target of MSMS was 5e5 and the maximum injection time was 60 ms.
MaxQuant version 1.5.3.8 (11) with integrated Andromeda search engine (12) was used for analyzing LC/MS raw data. Raw data were searched against the Drosophila melanogaster proteome from UniProt (knowledgebase 2016_04). The following parameters were used for data analysis: for ''digestion'' specific with Trypsin, Max. missed cleavages 2; for label-free quantification, match between runs is selected. Other parameters were set as default. Protein quantification significance analyses were performed with the Perseus statistical framework (http://www.perseus-framework.org/) version 1.5.2.4. After removing contaminants and reverse identifications, intensities were transformed to log2.
Replicates of each genotype were grouped and filtered with at least 3 validated values in at least one group. The missing values were substituted from normal distribution with width of 0.3 and down shift of 1.8 (13) . Multi-sample comparison (ANOVA analysis) was performed to identify significantly different proteins within the 3 different genotypes followed by Z-score normalization. Benjamini-Hochberg FDR 0.05 was used for significant truncation.
Gut staining
For Delta staining, a previously described methanol-heptane fixation method was used (14) . Antibodies: rabbit anti-phospho-Histone H3 Ser 10 (Upstate, 1:1 000) and rat anti-Delta (gift from M. Rand, University of Vermont, USA, 1:1 000).
Fluorescent secondary antibodies were from Jackson Immunoresearch. DAPI was used to stain DNA (1:1 000). pH3 positive cells were counted manually in the entire intestine on a Zeiss dissecting fluorescent microscope, while stem cell staining was imaged in the posterior midgut on a Zeiss LSM 700 confocal microscope. Raw images were composed in Photoshop to combine channels and set together in Illustrator.
Fig. S1. BrdU labeling and fly egg lay.
A) Scheme of BrdU labeled mtDNA cut into three fragments using SacI. Two fragments were used for southwestern to detect BrdU whereas the third fragment was used for Southern mtDNA loading control with depicted P 32 -12S probe. Student's two tailed t-test. ****p<0.0001. 
